INTRODUCTION
A COMPARATIVE study of the heading behaviour of three contrasting ryegrass strains, Wimmera, Irish and Kent (Cooper, 1959) showed that in addition to the broad differences between the strains, appreciable genetic variation occurred between plants within each strain. These differences in heading behaviour could be traced to genetic differences in both " winter requirement " for short-day or cold before floral induction, and also the need for long photoperiods for floral initiation. Previous studies in the outbreeding species of Lolium (Cooper, 1954) had shown that both these responses were under polygenic control, and that most parents were heterozygous for genes controlling flowering responses.
In selecting for any character, two parameters are important firstly, the amount of genetic variation in the population, and secondly, the precision with which it is transmitted, i.e. the heritability. These together give a measure of the possible rate of change under selection, since the expected genetic gain is the product of the heritability and the selection differential.
The present paper attempts to estimate the genetic variation in date of ear emergence within two perennial ryegrass populations, Irish and Kent, to calculate its heritability and hence to predict the potential advance under selection. The genetic control of the "winter requirement" for floral induction has also been studied and will be reported later.
The genetic variation has been assessed in two ways ; firstly, from the analysis of replicated clones, both within and between years, providing an estimate of the environmental and the total genetic variation; and secondly, by the regression of progeny means on mid-parent values, thus distinguishing the additive portion of the genetic variance, i.e. that part which is fixable by selection. In Mather's notation (Mather, 1949) , this total genetic variance of the population can be denoted by D+H, where D is the additive portion due to differences between alleles at the same locus, and H is that due to dominance. For a character such as ear emergence, where the initial size of the plantlet is not critical, a separation of environmental and total genetic variation is readily obtained by the use of clonal replicates. A number of clones of Irish and Kent ryegrass were therefore planted out in replicated blocks in the field in the autumn of 1954, 1955 and 1956, and the date of ear emergence was recorded for each plant the following spring. The exact dates of planting are given in table i. Over the three years, the error variance of a single spaced plant varied from i •25 to 4.58 days, and this is of the same order as found earlier for homozygous lines of Lolium temulentum (Cooper, 1954) . There were no regular differences between Irish and Kent, or between the original population plants and the progeny derived from them by pair-crossing or selfing. The variation due to blocks was very low, and by far the greatest portion of the variation within the strains was genetic. The proportion of the total variation attributable to genetic differences between clones, giving a measure of heritability in the broad sense is above o.8 in all cases. The genetic variance of the groups from pair-crosses and selfings is higher than that of the original populations, since these groups included plants deliberately selected for extremely early and extremely late ear emergence. The above estimates of genetic variation were calculated for each year independently, but it is important to know the "repeatability" of this character from year to year. It has been shown earlier (Cooper, 
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A more detailed analysis of the extent of genotype/year interaction is presented in table 4, for one late year (1956) and one early year (i'). In both Irish and Kent, significant interaction occurs, but it is small compared to differences between genotypes. The difference between the two years is large in Irish, but smaller in Kent.
In conclusion, it can be said that most of the variation within populations is genetic, and that different genotypes maintain the same relative order of expression from year to year.
PARENT-PROGENY REGRESSION
While the analysis of replicated clones allows of the separation of environmental and total genetic variation, in order to distinguish between additive and non-additive genetic variation a breeding test is necessary. In the present work, records from both pair-crosses and selfings have been used. The exact sowing and planting dates are given in table i. Furthermore, the positive assortative mating and consequent high correlation between parents will decrease the effect of an occasional selfing on either the means or variances of the progenies. In a comparison in 1955 (see table 8 ), the variance of selfed progenies was of the same order as that of corresponding pair-crosses. The heritability of date of ear emergence has been assessed from these crosses by parent-progeny regression and correlation. While the regression coefficient measures the linear relation between parents and progeny, the correlation coefficient indicates the amount of scatter around this line. The maximum value for the regression of progeny on an individual parent ranges from under random mating to i under complete genetic assortative mating (i.e. selfing). Incomplete assortative mating will fall between these limits. In the present calculations, however, the difficulty of allowing for the degree of assortative mating has been overcome by using the regression of the progeny mean on the mid-parent value, which has a maximum value of i, irrespective of the breeding system. Estimates are given in ' Parents in pots in gardens, progeny in field.
Except for 1955, the regression coefficients for Irish and Kent are similar and close to iSo, but there is a tendency for the progeny from both extremely early and extremely late parents to approach closer to the population mean. 
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In conclusion, these data from pair-crosses and selfings indicate that date of ear emergence is highly heritable in both populations, but is affected by inbreeding depression. Most of the genetic variance is additive, and considerable response to selection should be possible. The means of the populations varied from year to year but their variances were of the same order, ranging from i 29 to 44.6. In all cases, the variance of the parental group was larger than that of the original population, the result of using some very early and very late plants as parents.
In pair-crosses under random mating, both the genetic variance of the progeny means and the mean genetic variance of the progeny would be expected to be about half that of the parental group, since, in Mather's notation (Mather, '949) Variance of parental group = D+H+E1 Mean variance of progenies = D+H+E1
Variance of progeny means
Under assortative mating, however, as shown by Breese (1956) , while the mean variance of the progenies remains comparatively unaffected, the variance of progeny means is considerably increased, approaching in the extreme case that expected under selfing (D+H+E1).
In the present results under such assortative mating, the variance of progeny means is always well above that expected on the basis of random mating, when compared to the parental group.
In the selfings, which were available in 1955 only, the parental group also showed a higher variance than the original population.
In this case, the expected progeny variances are as follows
Mean variance of progenies =
Variance of progeny means = D+H+E2
In accordance with this expectation, the variance of progeny means is rather larger for the selfings than for the pair-crosses, even with assortative mating, while, for Irish at least, the mean variances are of the same order.
Even so, the mean variance from crossing two plants of similar phenotype, or from selfing one, is well above the error variance of a single clone, indicating considerable heterozygosity of the parents. The mean variances of the Irish and Kent progenies are of the same order, suggesting a similar degree of heterozygosity, or storage of variation, within plants from the two populations.
The comparatively small variance of the original populations, not much greater than that within a single pair-cross, suggests that selection for uniformity of heading within the seed crop is quite stringent.
A single date of harvesting severely limits the range of parents which can be represented in the next generation. Plants which flower too early will lose seed by shedding, while plants which are too late may not ripen seed before harvest (Cooper, 1959) . Such selection against extremely early and extremely late plants as female parents will be reinforced by the inevitable positive assortative mating for flowering date within the seed crop, so that extremely early and extremely late parents will also tend to be excluded as pollen parents.
In view of the complexities of this genetical situation which involve (i) non-random mating in the original population, (ii) heterozygosity of all parents, (iii) selection of parents to increase the variance of the parental group, and (iv) positive assortative mating for flowering time, no attempt ha been made to derive strict estimates of the components of variation, D, H and E from the present data. However, as shown in table 2, E is small and does not vary greatly between years, between strains, or between outcrossed and inbred material ; while the high parent-progeny regressions indicate that most of the genetic variance is additive. Considerable response to selection should therefore be possible.
DISCUSSION
The estimation of genetic variation and heritability involves the analysis of the total variation into those portions due to genotype, to the environment, and to genotype/environment interaction. The genetic component can be further analysed into those parts resulting from additive gene action, from dominance, and from other gene interactions.
A preliminary separation of environmental from total genetic variation can be obtained from replicated clones, from homozygous lines or from the F1s between them. In herbage species, replicated clones have been used by Burton and Devane (1953) and by Fejer (1958) , while homozygous lines have been used by Burton (1952) and by Davern, Peak and Morley (1957) . The variation within clones or within homozygous lines is taken as a measure of environmental variation, and the heritability in the broad sense is calculated as VT-VE VT or, in Mather's notation : D+H+E assuming that the sample is random, and is derived from a randomlybreeding population. A low heritability may therefore simply mean little genetic variation. The estimation of the total genetic variation, however, only gives a maximum figure for the genetic variance and for the heritability. In predicting the potential response to selection, it is the additive (i.e. easily fixable) part of the genetic variance which is important, and this can only be assessed by a breeding test. Where homozygous parental lines are available, and both selfing and crossing are practicable, a number of estimates of genetic parameters are possible (Mather, 1949) , and a recent refinement of these techniques is the analysis of diallel crosses, which allows of the separation of non-additive genetic variance into dominance and non-allelic gene interaction (Jinks, 1954 Dickinson and Jinks, 1956 ).
In the outbreeding perennial herbage grasses, however, homozygous material is not usually available and selfing is often difficult or impossible. A more usual procedure has therefore been to use the regression or correlation between parent and progeny, the progeny being obtained either by pair-crossing, selfing or open-pollination.
The use of such methods in the herbage grasses has been reviewed by Burton (1952) and by Fejer (1958) . For pair-crosses, heritability in the narrow sense is estimated as the regression of the progeny mean on the mid-parent value, while for open pollination (assuming random mating) it is given by twice the regression of the progeny mean on the female parent.
In the assessment of heritabilities from pair-crosses, random mating has often been thought necessary, but Reeve (1953) points out that unless the situation is complicated by dominance and non-allelic interaction, the maximum heritability values can be obtained by (a) selecting parents to increase their variance above that of the original population, and (b) using positive assortative mating to increase the variance of the mid-parent value. Both these methods are combined in the usual type of selection experiment, and in most plant or animal breeding programmes.
In the present work, the methods employed have been determined by the outbreeding and largely self-incompatible nature of the crop, and it is interesting that the results obtained, although derived from simple regression analysis, agree well with those obtained by more refined methods in self-fertilising species. In J'Iicotiana rustica, for instance, Mather and Vines (1952) found that most of the genetic variance for flowering time was additive, that there was no interaction between years, and that the error variance of a single plant was about 6 to io days. This material was further studied by Jinks 1956) using a diallel analysis of the parents and F1s which he later extended to the F2 and backcross generations. From the parent and F1 analysis he concluded that time of flowering showed incomplete though significant dominance, but a complete absence of non-allelic interaction, while the F2 and backcross analyses showed only slight non-allelic interaction. Great seasonal differences occurred in the size of the genetic components of variation. In further analyses of the genetic/environment interaction, Allard (1956) suggested that for time of flowering the additive genetic effects were comparatively stable, but that dominance effects varied in different environments. The same general pattern is revealed in most studies on the genetic control of flowering time. Most of the genetic variation seems to be additive, with little dominance or non-allelic interaction. Selection in the past has presumably been for an intermediate phenotype, which would not be expected to lead to fixation of alleles, or to the development of directional dominance. Considerable response to future selection should therefore be possible, and such has proved to be the case in the present ryegrass strains, Irish and Kent. The results of four years' selection for early and late ear emergence will be reported in the next paper, and the actual response to selection compared to that expected from the present estimates of additive genetic variance and heritability.
6. SUMMARY i. This paper attempts to estimate the genetic variation for date of ear emergence within Irish and Kent ryegrass, to calculate its. heritability, and hence predict the potential advance under selection.
2. The genetic variation has been assessed in two ways: (i) from the analysis of replicated clones, and (ii) from the regression of progeny means on mid-parent values. 3. Most of the variation within each population in any one year is genetic, block effects being small, and the repeatability between years is also high, although variation in absolute values occurs between early and late years.
4. Estimates derived from parent-progeny regression show that most of the genetic variation is additive, although marked inbreeding depression occurs on selfing, and that considerable response to selection would be expected for this character.
5. In spite of the high heritability of date of ear emergence, most parents from Irish and Kent ryegrass are highly heterozygous for genes controlling ear emergence, and the variance of progenies from selfing or pair-crossing is of the same order as that of the original population.
6. Methods for the estimation of genetic variation and heritability in herbage plants are discussed, and it is concluded that in other species also flowering time seems to show mainly additive genetic variance,. with little or no dominance.
